The photodissociation dynamics of NCO have been examined using fast beam photofragment translational spectroscopy. Excitation of the 1 0 2 , 3 0 1 , and 1 0 2 3 0 2 transitions of the B 2 ⌸←X 2 ⌸ band produces N( 4 S)ϩCO photofragments exclusively, while excitation of the 1 0 3 3 0 3 transition yields primarily N( 2 D)ϩCO photoproducts. The translational energy ͓ P(E T )͔ distributions yield D 0 ͑N-CO͒ϭ2.34Ϯ0.03 eV, and ⌬H f ,0 0 ͑NCO͒ϭ1.36Ϯ0.03 eV. The P(E T ) distributions exhibit vibrationally resolved structure reflecting the vibrational and rotational distributions of the CO product. The N( 2 D)ϩCO distribution can be fit by phase space theory ͑PST͒, while the higher degree of CO rotational excitation for N( 4 S)ϩCO products implies that NCO passes through a bent geometry upon dissociation. The P(E T ) distributions suggest that when the B 2 ⌸←X 2 ⌸ band is excited, NCO undergoes internal conversion to its ground electronic state prior to dissociation. Excitation of NCO at 193 nm clearly leads to the production of N( 2 D)ϩCO fragments. While conclusive evidence for the higher energy O( 3 P)ϩCN(X 2 ⌺ ϩ ) channel was not observed, the presence of this dissociation pathway could not be excluded.
I. INTRODUCTION
The reaction dynamics of combustion intermediates have been investigated in many studies. Among the species examined, the NCO free radical has received considerable attention for its role as an intermediate in the combustion of nitrogenous fuels in air, whereby NO x pollutants are released into the atmosphere. NCO has also been proposed as a key intermediate in the RAPRENO x ͑rapid reduction of NO x ͒ process, which serves to reduce the amount of NO x from combustion exhausts. 1, 2 This has stimulated much interest in the thermochemistry, spectroscopy, and photodissociation dynamics of NCO. In this work, we present results on the photodissociation of NCO that address these areas of interest.
Historically there has been some controversy over the value of the heat of formation of this free radical. Early determinations of ⌬H f ,0 0 ͑NCO͒ clustered around 1.6 eV. [3] [4] [5] A more direct measurement from the fast radical beam photodissociation experiments by Cyr et al. 6 yielded ⌬H f ,0 0 ͑NCO͒ϭ1.32Ϯ0.04 eV. Corroboration of this lower value has come from subsequent theoretical 7 and experimental [8] [9] [10] investigations. However, a recent VUV photolysis study 11 has raised the issue again. The spectroscopy of the ground and first two excited states of NCO has been studied by a variety of methods yielding vibrationally and rotationally resolved spectra. The first observation of the Ã 2 ⌺ ϩ ←X 2 ⌸ and B 2 ⌸←X 2 ⌸ transitions came in 1958 ͑Ref. 12͒ with analysis by Dixon in 1960 . 13, 14 Subsequently, there have been several investigations using absorption, 15, 16 stimulated emission pumping, [17] [18] [19] and laser-induced fluorescence ͑LIF͒. [20] [21] [22] [23] [24] [25] [26] [27] Additionally, the spectroscopy of the B 2 ⌸ state was examined in the photodissociation experiments by Cyr et al. 6 Several of these studies have also provided insight into the dynamical processes that NCO undergoes upon dissociation. Figure 1 illustrates the energy level diagram for NCO and its lowest energy fragmentation channels. In 1989, Liu and Coombe 5 investigated the photodissociation of NCO at 193 nm and observed O( 3 P)ϩCN(X 2 ⌺ ϩ ) products. Attempts to detect the N( 2 D) photofragment were unsuccessful, leading the authors to conclude that photolysis of NCO at 193 nm did not yield N( 2 D) as a major photoproduct. They observed a bimodal rotational distribution of the CN(X 2 ⌺ ϩ ) photofragments; this distribution was interpreted as resulting from a bent excited dissociative state, yielding highly rotationally excited CN, and a linear bound excited state, generating CN products with little rotational excitation.
The work by Cyr et al. 6 in 1992 provided further insight into the dynamics of the dissociation of NCO. All vibrational levels of the B 2 ⌸ state were found to predissociate to the following photoproducts:
The photofragment time-of-flight ͑TOF͒ distributions for both channels were fit using a vibrational distribution of the CO photofragments. Heats of reaction for the spin-forbidden channel ͑1͒ and the spin-allowed channel ͑2͒ were found to be 2. In this earlier study, 6 the spread in photofragment flight times was used to characterize the NϩCO product energy distribution. In the work reported here, the dissociation dynamics from the NCO B 2 ⌸ state were characterized using a photofragment coincidence detection scheme 28 that provides considerably better energy resolution than the original study. Structured photofragment translational energy distributions were obtained that allowed for evaluation of product branching ratios, vibrational and rotational distributions, and refined dissociation energies. Additionally, the dissociation of NCO at 193 nm was investigated in order to identify and characterize the nascent photofragments, including their degree of rotational and vibrational excitation.
II. EXPERIMENT
The experiments were performed on the fast beam photofragment translational spectrometer, Fig. 2 . In this experiment, photodetachment of a mass-selected beam of precursor anions generates a clean source of neutral radicals, and these radicals are photodissociated by a second laser. As the instrument has been described in detail previously, [28] [29] [30] only a brief description will follow.
Rotationally and vibrationally cooled NCO Ϫ is produced by bubbling neon ͑10 psig͒ through benzyl isocyanate ͑Ald-rich͒ at room temperature, and then supersonically expanding the resulting gas mixture through a pulsed piezoelectric valve/electrical discharge source. 31 A 1 keV electron beam intersects the free jet expansion just downstream of the valve orifice. The resulting molecular beam passes through a skimmer into a differentially pumped region, and anions in the beam are then typically accelerated to a laboratory beam energy of 8 keV, although energies as low as 5.5 keV can be used. NCO Ϫ is mass selected using a Bakker time-of-flight ͑TOF͒ mass spectrometer, which imparts negligible kinetic energy spread to the ion beam. 32, 33 NCO Ϫ is selectively photodetached by an excimerpumped dye laser, and undetached ions are deflected out of the beam path. Based on the adiabatic electron affinity for NCO as determined in a previously reported photoelectron experiment of NCO Ϫ , 34 a photodetachment energy of 3.66 eV was used to produce NCO exclusively in the 3 ϭ0 level of the X 2 ⌸ state for the majority of the experiments. Alternatively, the output of a XeCl excimer laser ͑4.03 eV͒ could be used for photodetachment in order to populate both the 3 ϭ1 and 3 ϭ0 vibrational levels of the ground electronic state of NCO. Based on peak intensities in the NCO Ϫ photoelectron spectrum, 34 the population of 3 ϭ1 level should be about 1 2 that of the ground state at this higher detachment energy.
The radicals produced by photodetachment are then intersected by either the frequency doubled output of a second excimer-pumped dye laser with a bandwidth of 0.3 cm Ϫ1 tuned to a specific photon energy, or the output of an ArF excimer laser ͑193 nm͒. Resulting photofragments from a single parent molecule are detected directly by either the retractable TOF detector ͑see Fig. 2͒ or the time and position sensing ͑TPS͒ microchannel plate ͑MCP͒ detector assembly based on the concept developed by de Bruijn and Los. 35 The TPS detector yields the positions of both photofragments and difference in their arrival times; our implementation of this detector has been described in detail elsewhere. 28, 29 An aluminum strip is placed across the center of the detectors in order to prevent undissociated parent radicals from striking the MCPs. Consequently, any observed signal is due to the recoiling photofragments.
Two types of experiments can be performed to characterize the photodissociation of NCO. First, the dissociation laser energy is scanned and the total flux of photofragments arriving at the TOF detector is measured, thereby producing photofragment yield ͑PFY͒ spectra. Second, the dissociation laser is tuned to specific photon energies, and dynamical information is obtained through the use of the TPS detector; for each dissociation event, the time and position information yields the masses of the fragments, their relative translational energy (E T ), and the polar angle between the relative ve- locity vector and the electric vector of the polarized dissociation laser. The photofragment mass resolution is m/⌬m Ϸ10, while the translational energy resolution is ⌬E T /E T ϭ2.2%.
The presence of a beam block across the center of the TPS detector reduces the acceptance of the detector for those fragments that are of low translational energy or have values of close to 0°or 180°, while fragments of high translational energy with close to 90°miss the detector entirely. These effects are accounted for by normalizing the raw translational energy distributions with a detector acceptance function ͑DAF͒, 28 and all data presented here have been corrected with the DAF.
III. RESULTS

A. Translational energy distributions, B 2 ⌸]X 2 ⌸ transitions
The PFY spectrum for the B 2 ⌸←X 2 ⌸ band of NCO is shown in Fig 36,37 Thus, NϩCO is the only mass channel that needs to be considered. At each of the four transition energies, angle-independent translational energy distributions, P(E T ), and energy-dependent anisotropy parameters, ␤(E T ), were determined. 4 S)ϩCO at each excitation energy as determined by the analysis in Sec. IV. All three distributions extend to, but not beyond, this limit. The resolved structure apparent in these translational energy distributions consists of peaks spaced by approximately 270 meV, which corresponds to the frequency of the CO stretch. On average, the full width at half maximum ͑FWHM͒ of the resolved features is 220 meV with no significant variation in width with respect to either vibrational level or photon energy. However, there is more resolved structure at low E T for the higher energy transitions. The vibrational and rotational distributions corresponding to these transitions are presented in Sec. IV.
At a photon energy of 5.15 eV ͑1 0 3 3 0 3 transition͒, dissociation to N( 2 D)ϩCO is possible. Figure 5 illustrates the P(E T ) distribution at this photon energy taken at a 2 m flight length with the laser polarization parallel to the radical beam. At this flight length, the detector has a greater sensitivity to low translational energy fragments. Although this transition lies only 0.39 eV higher than the 1 0 2 3 0 2 transition, the P(E T ) distribution is very different. Virtually no signal is seen beyond E T ϭ0.43 eV, which corresponds to E T max for N( 2 D) ϩCO. Hence, the spin-allowed channel dominates once it becomes accessible, in agreement with the previous work by Cyr et al. 6 The P(E T ) distribution exhibits two peaks separated by 270 meV, again corresponding to the CO stretch. The FWHM of these peaks is approximately 90 meV, substantially narrower than the peaks in Fig. 4 6 found the spin-forbidden channel to have an anisotropy parameter of ␤ϭϩ0.1, with ␤ϭϩ0.2 for the spin-allowed channel. This is consistent with the current results. For both dissociation channels, the distributions were found to be nearly isotropic.
B. Translational energy distributions at 193 nm
P(E T ) distributions for the photodissociation of NCO at 193 nm ͑6.42 eV͒ are shown in Fig. 6 . The distributions displayed in Figs. 6͑a͒ and 6͑b͒ were taken at flight lengths of 1 and 2 m, respectively, with a detachment energy of 3.66 eV. In Fig. 6͑c͒ the flight length was 2 m and the detachment energy was 4.03 eV, the latter resulting in some 3 ϭ1 population of the NCO radicals ͑see Sec. II͒. The vertical dashed and dotted lines in Fig. 6 The distributions in Fig. 6 were obtained assuming a 14:28 mass ratio, which corresponds to the NϩCO mass channel. Measured mass distributions above and below the threshold for the OϩCN mass channel do not exhibit any appreciable differences. Although the mass resolution of these experiments hinders the separation of the two mass channels, in previous studies of NCN and CNN we observed the presence of a N 2 ϩC mass channel that was energetically overlapped with a CNϩN mass channel. 38, 39 A broadening and shifting of the peaks in the mass spectrum from those of a single channel marked the presence of both channels. A similar trend was not observed in the mass spectrum of the products of NCO photodissociation, indicating that the contribution from the OϩCN mass channel is not substantially greater than the contribution from the NϩCO mass channel in the region of E T р0.71 eV.
All of the signal at translational energies greater than 0.71 eV must be from NϩCO, and the abrupt fall-off in signal above 1.70 eV indicates this to be N( 2 D)ϩCO. A progression of peaks spaced by 270 meV with a FWHM of 220 meV is seen at high E T in Fig. 6͑a͒ and is assigned to the stretching vibration of the CO photofragment, since the OϩCN channel is inaccessible in this translational energy range.
Although there is increased intensity in the region near the energetic threshold for O( 3 P)ϩCN(X 1 ⌺ ϩ ) products, there is no clear feature that develops at the threshold that confirms the production of these photofragments. Extension of the flight length to 2 m to increase the sensitivity of the detector toward low translational energy fragments does not result in any changes in the product mass spectrum or P(E T ) distribution ͓Fig. 6͑b͔͒. Comparison of Figs. 6͑b͒ and 6͑c͒ shows that populating the 3 ϭ1 level of NCO(X 2 ⌸) causes only minor differences in the P(E T ) distribution, the most significant being a slight enhancement of signal below E T ϭ0.20 eV in Fig. 6͑c͒. 
IV. ANALYSIS
A. Translational energy distributions, B
2 ⌸]X 2 ⌸ transitions Conservation of energy dictates that the photodissociation of NCO to NϩCO mass fragments is described by 
where h is the photon energy and E int ͑NCO͒ is the average rotational energy of the parent radical. D 0 ͑N-CO͒ is the bond dissociation energy, E T is the measured center-of-mass translational energy, E V ͑CO͒ is the vibrational energy of the CO fragment, E R ͑CO͒ is the rotational energy of the CO fragment, and E elec ͑N͒ is the atomic state energy of the nitrogen fragment. An equivalent equation can be written for the OϩCN mass channel. Based on a previous determination of the rotational temperature of NCO in the fast beam photofragment translational spectrometer, 6 a parent rotational temperature of 50 K was assumed in these experiments, corresponding to E int ͑NCO͒ϭ0.004 eV. Consequently, D 0 can be determined by finding the maximum translational energy, E T max , of the photoproducts from the P(E T ) distributions, at which point E V ͑CO͒ϭE R ͑CO͒ϭ0, The heat of formation of NCO can be calculated from this dissociation energy. Using the literature values of the heats of formation of atomic nitrogen and carbon monoxide, 36 ⌬H f ,0 0 ͑NCO͒ was determined to be 1.36 Ϯ0.03 eV. This is within the error bars of the previous determination of ⌬H f ,0 0 ͑NCO͒ϭ1.32Ϯ0.04 eV by Cyr et al., 6 and agrees with several other theoretical 7 and experimental 8, 40 investigations. However, in a recent paper by Schönnenbeck and Stuhl, 11 in which VUV photolysis of NCO was monitored by emission from electronically excited CN products, evidence was presented for a lower limit of ⌬H f ,0 0 ͑NCO͒у1.72 eV. The radicals in their experiment were produced by the FϩHNCO reaction and were at room temperature or higher, which probably accounts for the discrepancy with our value as discussed previously. 6 The translational energy distributions in Fig. 4 do not extend past E T max for N( 4 S)ϩCO. However, the P(E T ) distribution for the 1 0 3 3 0 3 transition shows a small number of products beyond E T max ϭ0.43 eV for N( 2 D)ϩCO. Such fragments are likely due to the spin-forbidden pathway. Consequently, an upper limit on the branching ratio between the spin-allowed and spin-forbidden channels was obtained by assigning signal above and below 0.43 eV to N( 2 D)ϩCO and N( 4 S) photoproducts, respectively, yielding a branching ratio N( 2 D͒:N( 4 S)р96:4 for the 1 0 3 3 0 3 transition. The P(E T ) distributions show resolved structure attributable to the vibration of the CO fragment. In order to determine the relative populations of the vibrational levels, each of the P(E T ) distributions was fit to a series of distribution functions composed of Gaussians convoluted with a Boltzmann distribution. The details of this procedure have been described previously. 38 The resulting vibrational distributions are presented in Table I . Although vibrational levels beyond ϭ2 for the 1 0 2 transition and ϭ3 for the 3 0 1 transition are populated, the features were not of sufficient resolution to permit acceptable modeling by this method; Table I shows populations only for those vibrational levels that can be resolved. For the three P(E T ) distributions in Fig. 4 , all of the vibrational levels contribute between 10%-20% of the total distribution, with no apparent trends in vibrational population with excitation energy. The 1 0 3 3 0 3 transition yields N( 2 D)ϩCO products in which approximately twice as many of the CO fragments are in the ϭ0 vibrational level as in the ϭ1 level.
The contours of the vibrational features reflect the rotational excitation of the CO photofragment. Thus, each vibrational feature can be evaluated in order to determine the rotational quantum number, N peak , corresponding to the most populated CO rotational level. As shown in Table II , the values of N peak for N( 4 S)ϩCO fall in a narrow range, between 25 and 29, and appear to be independent of excitation energy and CO vibrational level. The blurring of resolved features at low E T in Figs. 4͑a͒ and 4͑b͒ must reflect greater rotational excitation for the highly vibrationally excited CO products, but we cannot quantify this effect reliably. On the other hand, the 1 0 3 3 0 3 transition leading to N( 2 D)ϩCO photoproducts resulted in CO fragments with considerably less rotational excitation (N peak ϭ13) in the two populated CO vibrational levels.
The measured P(E T ) distributions were then compared to the translational energy distributions obtained from phase space theory ͑PST͒. 41 In this statistical theory, all product states allowed by conservation of energy and angular momentum are assumed to be equally probable. The details of determining translational energy distributions using PST have been described in detail previously. [42] [43] [44] Our application of PST assumes a long-range potential V(r) ϭϪC 0 /r 6 , that the vibrational levels are described by the harmonic oscillator approximation, and an initial parent temperature of 50 K. Finally, the calculated PST distributions have been convoluted with a Monte Carlo simulation program in order to account for the apparatus parameters. 28 The translational energy distributions determined from PST are expected to agree with the measured P(E T ) distributions if the dissociation process is barrierless and statistical. Furthermore, it is anticipated that the PST translational energy distributions for NCO will resemble those determined by Bonnet and Rayez 45 for the dissociation of the CCO radical as both radicals yield atoms of similar masses plus CO. As shown in Fig. 7͑a͒ , the P(E T ) distribution for N( 2 D) ϩCO resulting from the 1 0 3 3 0 3 transition agrees well with the PST calculation. In contrast, there is a clear disparity between the PST calculation and the N( 4 S)ϩCO distributions, as shown in Fig. 7͑b͒ for the 1 0 2 3 0 2 transition. The vibrational features in the experimental distribution show considerably more rotational excitation than in the PST calculation. These comparisons are discussed further in Sec. V.
B. Translational energy distributions, 193 nm dissociation
The P(E T ) distributions at hϭ6.42 eV do not lend themselves to as thorough of an evaluation as those discussed above for the B 2 ⌸←X 2 ⌸ band. The vertical dotted line at 0.71 eV denotes the expected E T max for the O( 3 P) ϩCN(X 1 ⌺ ϩ ) photoproducts. Due to the energetic overlap of the two mass channels and the lack of sufficient mass resolution, the OϩCN mass channel could not be distinguished from the NϩCO mass channel. An upper limit on the branching ratio between the OϩCN and NϩCO mass channels was determined by assigning intensity greater than 0.71 eV to NϩCO and the remaining signal to OϩCN. This yields (OϩCN͒:͑NϩCO)р47:53. However, the discussion in the following section suggests that the OϩCN yield is considerably less than this upper limit.
Determination of the relative vibrational populations was hindered by poorer resolution of discrete features in the P(E T ) distributions. We were able to assign values of N peak for ϭ0 -2 of the N( 2 D)ϩCO channel, finding N peak ϭ28-30. The amount of rotational excitation of the N( 2 D) ϩCO products resulting from 193 nm excitation was greater than that of the same products from the 1 0 3 3 0 3 transition and could not be suitably modeled by PST, indicating that the dissociation pathway for the two transitions is different.
V. DISCUSSION
The results from this experiment provide new insight into the dissociation mechanisms of NCO. The vibrationally resolved photofragment translational energy distributions reveal the extent of rotational excitation in the CO photoproducts. The products of the N( 2 D)ϩCO channel have substantially lower rotational excitation than those of the N( 4 S) ϩCO channel and the P(E T ) distribution for the spinallowed channel agrees with PST calculations. In contrast, the CO fragments associated with the N( 4 S)ϩCO channel exhibit greater rotational excitation, and the photofragment translational energy distributions for this channel cannot be suitably modeled by PST.
Agreement between the measured P(E T ) distribution for the N( 2 D)ϩCO channel and that predicted by PST implies the absence of an exit barrier. The lack of such a barrier is also supported by the dominance of this channel as low as 0.1 eV above its energetic threshold. 6 These observations can be interpreted with reference to Fig. 1 , which shows an adiabatic correlation diagram between NCO and various NϩCO product channels for C ϱv ͑dashed lines͒ and C s ͑dotted lines͒ symmetries. 5, 46 For linear dissociation, the X 2 ⌸ state of ϩCO products. Hence, linear dissociation from the X 2 ⌸ state appears to be the most plausible barrierless path to N( 2 D)ϩCO products. Thus, we propose that these products are formed by internal conversion ͑IC͒ of NCO(B 2 ⌸) to the X 2 ⌸ state followed by dissociation. We next consider the mechanism for N( 4 S)ϩCO production. Figure 1 shows that dissociation to these products can occur, in principle, by intersystem crossing ͑ISC͒ from the X , Ã , or channel opens suggests that IC to the ground state occurs faster than any excited state dissociation processes regardless of whether the spin-allowed channel is accessible. If the spin-allowed channel is open, it is the dominant channel, and if not, N( 4 S)ϩCO is formed by ISC from the X state. The substantial degree of rotational excitation we observe for the N( 4 S)ϩCO channel suggests that it involves passage over a barrier in a bent geometry.
An alternate dissociation mechanism for the spinforbidden dissociation pathway has been suggested by Alexander and Werner. 46 Their calculations show that the B 2 ⌸
and Ã 2 ⌺ ϩ states of NCO have a low energy conical intersection near the equilibrium geometry of the B 2 ⌸ state. This crossing was found to lie energetically close to the minimum of the crossing between the Ã 2 ⌺ ϩ and 4 AЉ states, which occurs at a bent geometry of NCO with ␣ϭ145.5°. Therefore, they propose the following mechanism for the dissociation of NCO to spin-forbidden products:
This mechanism is likely to produce rotationally excited CO, as seen in the current experiments. However, in order to be consistent with our results, dissociation to N( 2 D)ϩCO must be significantly faster than the ISC step once this channel opens. This requires a barrierless pathway from the Ã 2 ⌺ ϩ state to these products, which seems unlikely based on the correlation diagram in Fig. 1 . Nonetheless, it is certainly possible that IC to the X state occurs sequentially through the Ã 2 ⌺ ϩ state, so that the crossing between the B 2 ⌸ and Ã 2 ⌺ ϩ states plays an important role in the overall dynamics. The work by Alexander and Werner points out that the energy of the 4 ⌺ Ϫ ( 4 AЉ) state drops substantially upon bending. Hence, it would appear likely that the minimum crossing energy of this state with the X state occurs at a bent geometry, as implied by the rotational distributions measured in our experiment for the N( 4 S)ϩCO channel. The simplest model one can apply to interpret these results is the modified impulsive model, 47, 48 which predicts N peak for each fragment vibrational state given the geometry at the barrier and the available energy. However, this model does not accurately describe the observed CO rotational excitation, as it predicts that N peak decreases with increasing photofragment vibration, in contrast to our results ͑Table II͒.
The rotational reflection principle 49 provides a more sophisticated framework with which to interpret our results. In this model, the rotational distribution reflects a convolution of the bend wave function at the barrier with the final state interactions on the product side of the barrier ͑i.e., after ISC͒. Our observation that the values of N peak for this channel are largely independent of photon energy and the CO vibrational quantum number suggests that ͑a͒ the bend wave function does not vary substantially over the range of energies probed in our experiment, and ͑b͒ product rotation and vibration are largely uncoupled by final state interactions. We should point out, however, that our determination of the CO rotational distribution is relatively crude; a more complete measurement using LIF or other rotationally resolved methods would provide significantly more insight into some of these issues.
Our . Similarly, our experiment cannot rule out the presence of some OϩCN products. However, it is clear from the photofragment mass spectra that the OϩCN mass channel is not the dominant channel at the translational energies detected in our work. We also considered the possibility that the OϩCN products in Liu and Coombe's experiment arose from vibrationally excited NCO. Our P(E T ) distribution in which a substantial fraction of the NCO was vibrationally excited ͓Fig. 6͑c͔͒ is not significantly different from that taken with vibrationally cold radicals ͓Fig. 6͑b͔͒, although there is slightly more signal at very low translational energies in Fig. 6͑c͒ .
A more quantitative comparison with the work of Liu and Coombe 5 can be made using their reported CN vibrationrotation distributions. They find a bimodal rotational distribution of the CN(X 2 ⌺ ϩ ) products; the CN(vϭ0) level is the most populated vibrational level for the high N products while the CN(vϭ0) and (vϭ1) levels with low N have nearly equal populations. The ratio of total high N to total low N products is 40:60. In our experiment, the most probable E T for CN(ϭ0) fragments with high N would be 0.20 eV, whereas CN(ϭ0) photoproducts with low N would peak at E T ϭ0.66 eV. In Figs. 6͑b͒ and 6͑c͒ , if we assign all of the signal below E T ϭ0.20 eV to OϩCN ͑high N͒, and extrapolate to the amount of low N products using the results of Liu and Coombe, we calculate an upper limit of 4:96 for the (OϩCN͒:͑NϩCO) branching ratio in Fig. 6͑b͒ and 9 :91 for Fig. 6͑c͒ . Given the observed P(E T ) distributions, these are more realistic limits than that obtained by designating all the signal below 0.71 eV to OϩCN, and provide further support for assigning OϩCN as a minor channel at 193 nm.
VI. CONCLUSIONS
In the present work, the photodissociation dynamics of NCO following the 1 0 2 , 3 0 1 , 1 0 2 3 0 2 , and 1 0 3 3 0 3 transitions of the B 2 ⌸←X 2 ⌸ band were investigated using the technique of fast beam photofragment translational spectroscopy. At excitation energies р4.76 eV, N( 4 S)ϩCO(X 1 ⌺ ϩ ) photoproducts were observed with CO rotational excitation consistent with a dissociation mechanism that passes through a bent NCO geometry. An increase of the excitation energy to 5.15 eV resulted in the N( 2 D)ϩCO(X 1 ⌺ ϩ ) channel becoming the dominant pathway of dissociation. The degree of CO rotational excitation in these products was less than that of the spin-forbidden channel and could be modeled by phase space theory. These findings are consistent with a dissociation mechanism involving rapid IC from the B to the X state, followed by either ͑a͒ ISC to the 4 ⌺ Ϫ ( 4 AЉ) surface and dissociation to N( 4 S)ϩCO products or ͑b͒ linear dissociation to N( 2 D)ϩCO products along a barrierless pathway. From the measured P(E T ) distributions, the value of D 0 (N-CO) was directly determined to be 2.34Ϯ0.03 eV, and ⌬H f ,0 0 (NCO͒ϭ1.36Ϯ0.03 eV.
Photodissociation of NCO at 193 nm was also studied. The photofragment mass and P(E T ) distributions show that N( 2 D)ϩCO is the dominant product channel at this wavelength; OϩCN production appears to be at most a minor channel. It would clearly be of interest to perform experiments on NCO photodissociation at 193 nm and higher wavelengths using other product detection schemes such as laser-induced fluorescence or multiphoton ionization in order to corroborate the results reported here. In addition, the calculation of the potential energy surfaces and dissociation pathways for NCO should be a theoretically tractable problem, and we hope our work encourages efforts along these lines in order to provide a deeper understanding into the rich dynamics of this species.
